Background/Objectives: attitudes toward life and health are emerging as important psychological contributors to health heterogeneity in ageing. We aimed to explore whether different psychological factors were associated with the rate of chronic disease and disability accumulation over time. Design: population-based cohort study between 2001 and 2010. Setting: Swedish National study on aging and care in Kungsholmen. Subjects: adults aged 60 and older (N = 2293). Methods: linear mixed models were employed to study the association of life satisfaction, health outlook, resistance to illness, sickness orientation, and health worry with the rate of accumulation of chronic diseases and impaired basic and instrumental activities of daily living. Models were adjusted for demographic, clinical, social, personality and lifestyle factors. Analyses were repeated after excluding individuals with multimorbidity or disability at baseline. Results: high life satisfaction and positive health outlook were consistently associated with a lower rate of accumulation and progression of multimorbidity (β −0.064 95% confidence interval [CI] −0.116, −0.011; β −0.065 95% CI −0.121, −0.008, respectively) and disability (β −0.063 95% CI −0.098, −0.028; β −0.042 95% CI −0.079, −0.004, respectively) over time. This was true even for people without multimorbidity or disability at baseline and after adjusting for all covariates. Conclusions: positive attitudes toward life in general and health in particular may be especially important in old age, when the cumulative effects of biological and environmental deficits lead to accelerated health decline. These findings should encourage researchers to use measures of psychological well-being to better understand the multifactorial and diverse process of ageing.
Introduction
The dynamic interplay between biological, behavioural, psychosocial, and environmental factors that unfolds over the entire life course shapes health in old age. Psychological factors that describe attitudes toward life in general, and health in particular, are emerging as important components in the multifactorial view of successful ageing [1] . For instance, those with positive self-perceptions of ageing practice more preventive health behaviours and have better health and survival outcomes, according to a meta-analysis of longitudinal data [2] . The tendency to expect positive outcomes across a variety of life domains, termed dispositional optimism, has also been associated with a better adjustment, prognosis and quality of life for a number of chronic diseases, as reported in a recent mini-review [3] . One possibility is that by mobilizing effective coping adaptations, people with positive psychological profiles experience enhanced physical and psychological resilience, the ability to thrive in the face of daily stressors [4] , severe disease [5] or functional impairment [6] . High psychological well-being might also directly influence immune response and neuroendocrine system modulation [7] .
Multimorbidity, the coexistence of multiple chronic conditions, has been implicated in a variety of adverse outcomes, including psychological distress, lower quality of life and mortality [8] . Maintaining physical function is another key component of healthy ageing [9] . Thus, measuring both the burden of chronic diseases and the capacity to undertake the tasks of daily living (i.e. physical function) may be a good way to capture how older adults experience their lives and health [10] . Furthermore, the speed of development of multimorbidity and disability has been interpreted as a clinical manifestation of homeostatic multisystem dys regulation and is gaining increasing attention as a potential indicator of biological ageing [11] [12] [13] [14] .
Researchers have generally had limited access to data on health status over multiple time points, which has precluded looking at the speed or rate of health deterioration. The study of trajectories, charted by a series of transitions, offers a more complete understanding of the disablement process [15] . In this study, we aimed to explore whether different measures of psychological well-being were associated with the rate of chronic disease and disability accumulation over time in a prospective population-based cohort of older adults.
Methods
Data from the Swedish National study on Aging and Care-Kungsholmen (SNAC-K) study were used for this study. SNAC-K is an ongoing longitudinal population-based study targeting people 60 years or older living at home or in institutions in central Stockholm. The SNAC-K baseline population included a sample of 3363 people (73.3% of those invited to participate) who underwent a clinical examination between May 2001 and June 2004. The sample was randomly selected from 11 age cohorts (ages 60, 66, 72, 78, 81, 84, 87, 90, 93, 96 and ≥99 years); the younger cohorts (aged 60-78 at baseline) are examined every 6 years, and the older cohorts (aged ≥78 at baseline) are seen every 3 years. SNAC-K was approved by the Regional Ethical Review Board in Stockholm, and written informed consent was obtained from participants or their next of kin.
This study included data from baseline and the first 3 follow-ups of SNAC-K (an average of 9 years of follow-up). People with a definite or questionable dementia diagnosis or with missing data in all psychological variables were excluded from the study sample (N = 2293) ( Supplementary Figure 1 available in Age and Ageing online).
Assessment of life satisfaction and health perceptions
Life satisfaction was measured at baseline using the Life Satisfaction Index A (LSI-A) developed by Neugarten et al. [16] (Supplementary Text I available in Age and Ageing online). This validated self-report index was specifically developed for older adults and is based on the original five-component framework (i.e. zest vs. apathy, resolution and fortitude, congruence between desired and achieved goals, positive selfconcept and mood tone) of the Life Satisfaction Rating Scale developed by the same authors.
SNAC-K participants' health perceptions were assessed at baseline by means of Ware's Health Perceptions Questionnaire (HPQ) [17] . Four of the six original perceptual subscales of the questionnaire are assessed in SNAC-K (Supplementary Text I available in Age and Ageing online): health outlook (i.e. perceptions of future health), resistance to illness (i.e. sense of susceptibility or resistance to illness), sickness orientation (i.e. tendency to accept sickness as a part of life) and health worry (i.e. amount of health-related worry or concern). Assessment of multimorbidity and disability Diagnoses are made by SNAC-K physicians on the basis of clinical examination, medical history, laboratory data and current drug use, and coded in accordance with the International Classification of Diseases 10th Revision (ICD-10). Linkage to Swedish outpatient and inpatient registers provides additional information on medical events. Multimorbidity was operationalized as the total count of chronic diseases on a comprehensive list of chronic conditions [18] . A threshold of <2 chronic diseases was used to identify people free from multimorbidity at baseline. Chronic conditions deemed cardiovascular risk factors (hypertension, dyslipidemia and obesity) were excluded from the total count of chronic conditions given their controversial role as determinants of older adults' health.
Level of disability was measured as the number of basic activities of daily living (ADL) (bathing, dressing, toileting, continence, transferring and eating) and instrumental activities of daily living (IADL) (grocery shopping, meal preparation, housekeeping, laundry, managing money, using the telephone, taking medications and using public Psychological correlates of multimorbidity and disability accumulation transportation) a person was unable to perform independently. People living in institutions were assumed to depend on others for grocery shopping, meal preparation, housekeeping and laundry. The number of ADL and IADL limitations was summed in a single scale (range 0-14).
Statistical analysis
We used multivariate logistic regression to explore differences in (i) people with and people without information on the psychological variables and (ii) participants who survived and those who died or dropped out during follow-up, by sociodemographic (age, sex and education) and clinical (number of chronic diseases or disabilities) characteristics.
Linear mixed models were employed to estimate β coefficients and 95% confidence intervals of the association between the baseline level (low vs. high according to the median) of the psychological factors and the number of chronic diseases and disabilities both at baseline and over the 9-year follow-up. To measure the effect of the exposures on the average annual increase in the number of chronic diseases and disabilities, the interaction terms between follow-up time (in years) and levels of the different psychological factors were included as a fixed effect. Random effects were defined for the intercept and for follow-up time and models were fit using restricted maximum likelihood. Models were adjusted for demographic and clinical factors (age, sex, civil status, depressive symptoms and cognitive function), social and personality factors (education, occupation, social network, personality and the rest of psychological factors) and lifestyle factors (smoking, body mass index and alcohol consumption) in a cumulative manner. The operationalization of all covariates included in the models is described in Supplementary Text II available in Age and Ageing online.
To explore potential reverse causality, the analyses were repeated excluding participants with two or more chronic diseases or any disability at baseline (i.e. prevalent cases). Only β coefficients for the time-interactions were shown in these cases. Three-way interactions (covariates * psychological exposures * time) were tested. Sensitivity analyses were performed to (i) account for mortality/attrition during follow-up by further adjusting the models for time to death or dropout, (ii) consider subclinical health status by additionally controlling for self-rated health and (iii) check for discrepancies when operationalizing the exposures as continuous standardized (i.e. z-scores) variables. All analyses were performed using Stata version 15 (StataCorp LP, College Station, TX, USA).
Results
Participants with a higher number of ADL + IADL disabilities (odds ratio [OR] 1.31 95% confidence interval [CI] 1.22; 1.41) and lower MMSE scores (OR 0.87 95% CI 0.82; 0.93) had a higher probability of missing information on the psychological variables, but there were no significant differences by sex, age, education or number of chronic diseases after adjusting for the rest of the variables. Those who died during follow-up also had a higher number of ADL + IADL disabilities (OR 1.33 95% CI 1.24; 1.42) and lower MMSE scores (OR 0.80 95% CI 0.76-0.84). Participants who dropped out during follow-up were older (OR 1.03 95% CI 1.01; 1.04), more likely to be women (OR 1.40 95% CI 1.07; 1.81) and had fewer ADL + IADL disabilities (OR 0.86 95% CI 0.75; 0.99).
The strength of the pairwise correlations amongst the different psychological exposures ranged between very weak (r = 0.09 for health worry and sickness orientation) and moderate (r = 0.47 for resistance to illness and health outlook) (Supplementary Table 1 available in Age and Ageing online). For most psychological variables, significantly higher (better) scores were observed for those who were younger, men and married, had a lower burden of depressive symptoms and had better cognitive status, a high level of education, a non-manual occupation, a richer social network, higher levels of extraversion, lower levels of neuroticism, higher levels of openness, higher body mass index but no obesity and some level of alcohol consumption (Supplementary Table 2 available in Age and Ageing online). However, only high extraversion and low neuroticism were significantly and independently associated with most psychological factors in multivariate models (Table 1) .
Statistically significant differences were observed in the baseline number of chronic diseases and ADL + IADL disabilities in people reporting low vs. high life satisfaction, negative vs. positive health outlook and low vs. high resistance to illness ( Supplementary Figure 2 , Supplementary Table 3 available in Age and Ageing online).
The fully adjusted linear mixed model that included the total sample showed a significant negative association between the annual accumulation of chronic diseases and reporting high life satisfaction, a positive health outlook and a low sickness orientation (Table 2 ). However, the association with sickness orientation disappeared when people with multimorbidity at baseline were excluded from the analysis ( Table 3 ). For ADL + IADL disabilities, a significant negative association was observed with high life satisfaction and low sickness orientation (Table 2) , as well as with positive health outlook but only when people with prevalent disability were excluded ( Table 3 , Supplementary Figure 3 available in Age and Ageing online). The direction, significance and magnitude of all associations remained similar after further adjusting the models for mortality/attrition and/or self-rated health ( Supplementary Table 4a and b available in Age and Ageing online). When modelling the exposures as continuous (i.e. z-scores), the statistical significance was lost for the associations between health outlook and chronic diseases and between sickness orientation and ADL + IADL disabilities ( Supplementary Table 4c available in Age and Ageing online).
Discussion
In this community-based longitudinal study of older adults from an urban area in Stockholm, better attitudes toward life and health, assessed through validated questionnaires on life satisfaction and general health perceptions, were associated with a lower speed of multimorbidity and disability accumulation and progression over time. This was true even of people without multimorbidity or disability at baseline, and the effects were independent of demographic, clinical, social, personality and lifestyle factors.
Psychological correlates of multimorbidity and disability accumulation
Establishing the direction of the effect in studies on psychological well-being and health outcomes (other than mortality) can be difficult because both measures intertwine over time. Even if the presence of subclinical disorders or severe single diseases cannot be ruled out, our results were corroborated in a subpopulation free from multimorbidity or disability at baseline.
Although life satisfaction is typically used as an outcome in gerontological studies, it is also relevant as a prognostic variable, as old age is a period when many biological, psychological and social changes take place. The few studies analysing life satisfaction as an exposure, all of which assessed the variable with LSI-A, have consistently shown that it is associated with mortality [19] [20] [21] . Furthermore, a Taiwanese longitudinal study of older adults, which also used LSI-A, found an association between life satisfaction and functional status over an eight-year period [22] , although they did not examine longitudinal trajectories of functional status. Life satisfaction captures quality of life based on a person's internal frame of reference and is therefore less vulnerable to within-person instability than other measures of psychological well-being, such as affect or happiness [23] . It may Table 3 . Association between levels of psychological factors and annual increase in the number of chronic diseases and ADL + IADL disabilities over the 9-year follow-up amongst participants without multimorbidity (<2 chronic diseases) or disability (0 ADL + IADL disabilities) at baseline reflect the extent to which a person is able to adapt to cumulative deficits inherent in the ageing process through assimilative actions such as positive lifestyle changes, better self-care, use of external aids to improve functioning and/or adjusting desired goals to what is really possible.
As far as we are aware, no previous study has used the HPQ in the context of aging research. A person's scores in the different HPQ subscales reflect his or her identification with attributes of wellness or illness and infirmity, beyond the self-rated health, and is an important determinant of involvement in social roles, occupational and physical activities, and interpersonal interactions [24] . In a previous study, primary care patients whose perceived health was lower than expected for their levels of physical health tended to experience greater emotional distress, use health care resources more frequently, feel less able to resist diseases and exhibit a poorer sense of well-being than those who had higher health perception scores [25] . In our study, health outlook and sickness orientation were the two subscales that were significantly associated with the outcomes. An evaluation of the psychometric properties of the HPQ [24] found that health outlook correlated most highly and positively with the rest of the subscales, with other measures of physical health, mental health and psychological well-being and with rejecting the sick role. Like Davies and Ware, we also found that the beneficial effect of having a positive health outlook became even stronger at older ages (Table 3 , footnotes), probably because of the increased challenge but also added value of maintaining a sense of well-being when becoming very old. On the other hand, in the previous report [24] , sickness orientation was the subscale most weakly correlated with physical and mental health measures, questioning the meaning of the scores obtained for this subscale. This, together with the poor reliability of the subscale in ours and other studies, suggest its prudent use in research.
The negative correlation between sickness orientation and age reported by Davies and Ware [24] is in line with our results and seems to indicate that older adults tend to be less accepting of illness as part of their lives than younger adults.
In agreement with previous literature, our study found that higher levels of life satisfaction were correlated with younger age, married status, lower levels of depressive symptoms, a rich social network and positive personality traits [26] [27] [28] [29] [30] [31] [32] . Thus, a positive attitude toward life and health in older adults may be enabled by both internal traits and external factors. Internal traits such as a positive personality may help older adults frame problems in a way that can lead to a positive outcome or call on physiological reserves that allow them to recover quickly. External factors, such as having good social and medical care access or being able to rely on social networks in times of need may also promote coping strategies. This hints at the possibility that by changing external factors related to the social environment, older adults' levels of physical resilience could be enhanced, slowing their rate of accumulation of chronic diseases and disabilities.
Strengths of this study include the objective and comprehensive measurement of chronic diseases by SNAC-K physicians, which minimized the risk of self-report bias. Moreover, by examining trajectories of multimorbidity and disability accumulation, we were able to investigate the temporal progression of disease and disability burden. Unlike other measures of psychological well-being, the ones used in this study focus on people's internal frame of reference-and not that much on social criteria of success or competenceminimizing the influence of investigators' value judgments. The LSI-A was developed specifically to measure well-being in old age and is reliable across a variety of sample characteristics. Lastly, we controlled our analyses by most variables Psychological correlates of multimorbidity and disability accumulation previously identified as correlates of both study exposures and outcomes.
A potential weakness of the study is the inability to generalize the findings, as the results are only valid for those who completed the questionnaire: the physically and cognitively well-functioning segment of the study population. However, this is a shortcoming in any study assessing variables related to psychological well-being. Moreover, a negative attitude toward life and health might also be related to specific diseases. Our aim, however, was to explore the association between such attitudes and trajectories of morbidity and disability accumulation, which are potential indicators of progressive loss of homeostasis in old age. Lastly, we lacked data on the psychological scores at follow-ups, which may be problematic for those factors less likely to maintain within-person stability over time.
Conclusion
In framing a public-health response that might strengthen older adults' ability to navigate and adapt to the health losses they are likely to experience with ageing, a shift toward a more positive focus on factors that support wellbeing instead of those that cause ill health is starting to gain force. Our study suggests that positive attitudes toward life in general and health in particular may be especially important in old age, when the cumulative effects of biological and environmental factors inevitably lead to accelerated health decline. These findings should encourage researchers to use measures of psychological well-being to better understand the multifactorial and diverse process of ageing.
